Background: The proportion of elderly patients in North America is increasing. This has resulted in an increased number of elderly patients undergoing cosmetic procedures. Objectives: The purpose of this study was to determine the incidence of postoperative complications in elderly patients (age ≥65) undergoing elective aesthetic plastic surgical procedures compared with younger patients. Methods: A total of 183,914 cosmetic surgical procedures were reviewed using the prospectively enrolled cohort of patients in the CosmetAssure database. Comorbidities and postoperative complications in elderly and younger patient groups were recorded and compared. A separate analysis of postoperative complications was performed in the octogenarian subgroup (age ≥80). Results: A total of 6786 elderly patients who underwent cosmetic procedures were included in the study. Mean ages (±standard deviation) in elderly and younger patients were 69.1 ± 4.1 and 39.2 ± 12.5 years, respectively. The elderly patient population had more men, a higher mean body mass index (BMI), a higher prevalence of diabetes mellitus (DM), and fewer smokers compared with the younger patients. The overall postoperative complication rate was not significantly different between elderly and younger patients. When stratified by type of cosmetic procedure, only abdominoplasty was associated with a higher postoperative complication rate in elderly compared with younger patients. The most common postoperative complications in elderly patients were hematoma and infection. The overall postoperative complication rate in octogenarians was 2.2%, which was not significantly different from the younger population. Conclusions: Cosmetic procedures in elderly patients, including octogenarians, remain safe with an acceptable complication rate compared to younger patients.
Demand for major invasive procedures in this population of patients has increased by 4% compared with previous years. 2, 3 With this increase in the number of elderly patients undergoing cosmetic surgery, there is a pressing need for detailed evaluation of aesthetic surgery safety in this population. Thus far, the incidence and risk factors of postoperative complications after cosmetic procedures in elderly patients has not been systematically evaluated. Limited studies exist examining the impact of age on complications after facial cosmetic procedures. 4, 5 Existing literature is limited to single surgeon or single group experiences and, thus, is not generalizable. Additionally, plastic surgery literature has yet to delve into evaluating outcomes in patients of more advanced age (those 80 years old and older).
The purpose of this study was to determine the incidence of major postoperative complications in elderly patients undergoing cosmetic procedures using data from the CosmetAssure (Montgomery, AL) insurance database. Additional goals were to evaluate significant risk factors and compare complication rates between elderly and younger patients to determine the safety of cosmetic procedures in these subgroups (including octogenarians).
METHODS

Study Population
The study population consisted of a cohort of patients who 
Database
CosmetAssure is an insurance program that covers costs of unexpected major complications from 24 cosmetic surgical procedures that may not be reimbursed by the patient's primary insurer. CosmetAssure was introduced in 2003 and has been collecting data on patient risk factors since 2008. This insurance program covers all 50 states in the US. It is available to American Board of Plastic Surgery (ABPS)-certified plastic surgeons and American Society of Plastic Surgeons (ASPS) Candidates for Membership who have passed the ABPS Written Examination. Every patient undergoing any covered procedure at participating practices is required to enroll in the program. Patients are entered in the database prior to undergoing the operation or occurrence of complication, thus making it a prospective cohort. Surgeon-reported major complications, filed as claims, are recorded in the database. Personnel employed by CosmetAssure enter data provided by the surgeon at the time of patient enrollment, as well as any claims filed by the surgeon. CosmetAssure, being a private insurance company, has a vested interest in maintaining an accurate database for actuarial and audit purposes.
Major complication is defined as that occurring within 30 days of the operation and that requires hospital admission, emergency room visit, or a reoperation. This excludes complications that can be managed in clinic, including minor wound infections and seromas, as they are not applicable for insurance claims. The covered major complications include hematoma, infection, pulmonary dysfunction, cardiac complication, wound-related problems, nerve injury, suspected or confirmed venous thromboembolism (VTE), myocardial infarction, and fluid overload. The database lists all procedures performed on the patient, making it possible to study specific individual procedures as well as procedure combinations (ie, patients undergoing multiple procedures under the same anesthetic). The database also records demographic and comorbidity data including age, gender, body mass index (BMI), smoking, diabetes mellitus (DM), and type of surgical facility (accredited surgical centers, hospitals, and office-based surgical suites).
Exposure
In this study cohort, primary exposure was defined as patient age ≥65 years at the time of surgery. Secondary exposure assessed was patient age ≥80 years (octogenarians) (Figure 1 ). The age threshold was set at 65 years in accordance to the World Health Organization (WHO) definition of elderly.
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Outcome Primary outcome was occurrence of any major complication(s) (as defined above) within 30 days of the procedure. Secondary outcome was type of complication. 
Demographic Variables and Surgical Procedures
Distribution of factors including gender, BMI, smoking, DM, and combined procedures were compared between the exposed (age ≥65 years) and nonexposed (age <65 years) populations. The dataset included 24 unique cosmetic surgical procedures, and patients underwent anywhere from 1 to 7 procedures resulting in an overwhelming number of procedure combinations. Thus, for the purpose of this study, we categorized all cosmetic procedures into 3 groups based on body region. These groups were face (blepharoplasty, browlift, cheek implant, chin augmentation, facelift, facial resurfacing, hair replacement, otoplasty, rhinoplasty), breast (augmentation, reduction, revisional breast implant procedures, mastopexy, male breast surgery), and body (abdominoplasty, brachioplasty, buttock lift, calf implant, labioplasty, liposuction, lower bodylift, thighlift, upper bodylift). Patients who underwent more than 1 cosmetic procedure under the same anesthetic were considered to have combined procedures. In addition, we looked at outcomes in each of the 24 surgical procedures performed as a solitary procedure to offset the potential effect-modification from combined procedures.
Statistical Analysis
Two separate, limited, datasets were obtained from CosmetAssure, 1 with enrollment data and the other with claims information. The enrollment dataset contained entries for each unique procedure. Thus, a patient undergoing combined procedures had separate entries for each procedure. A unique identifier was created using the following variables: date of birth, date of surgery, and BMI. Using this unique identifier, the enrollment dataset was restructured such that a patient undergoing combined procedures was counted once with each of the procedures listed as a separate variable. Another unique identifier was created with variables shared between the enrollment and claims datasets (date of birth, date of surgery, and gender). This identifier was then used to match the claims dataset to the restructured enrollment dataset. Of the 2506 patients in the claims dataset, 20 did not match to the enrollment data using the identifier. These cases were manually matched to enrollees with the closest demographic characteristics. KolmogorovSmirnov statistic was used to check distribution of continuous variables (age and BMI). The only missing data were absent BMI information for 1046 (0.8%) patients. These patients were included in the analysis without replacing these missing data points. Patient characteristics, risk factors, and complication rates between patients undergoing different procedures were compared by Fisher exact test or by Pearson chi-square test. Outcomes were reported as 30-day incidence rates after the surgery. Unless otherwise noted, probability of type I error of less than 5% (P < 0.05) was used to determine statistical significance. All analyses were performed using SPSS 17.0 statistical software (SPSS Inc., Chicago, IL).
RESULTS
Clinical and Demographic Characteristics
A total of 183,914 cosmetic surgery procedures were performed on 129,007 patients between May 2008 and May 2013. Of these, 6786 patients were classified as elderly, with the remaining 122,221 patients of younger age comprising the comparison group. The subgroup of octogenarian patients consisted of 180 patients (comparison control group n = 128,827). Comparative analysis between the groups was performed for both single and combined procedures ( Figure 1 ). There were 8357 men (6.5%) and 120,650 women (93.5%) in the analyzed group. The median patient age was 40 years (range, 5-93 years), with a greater proportion of women (93.5%) undergoing cosmetic surgery. The mean BMI was 24.3 ± 4.4 kg/m 2 . Pre-existing DM was recorded in 1.8% of patients, and 8.2% were active smokers at the time of surgery (Table 1) .
Elderly patients comprised 5.3% (n = 6786) of the study sample. The elderly cohort of patients consisted of 771 men (11.3%) and 6015 women (88.7%). The median Figure 2 . The control group of younger patients (n = 122,221) had a median age of 39 years (range, 5-65 years). The octogenarian group consisted of 180 patients with a median age of 82 years (range, 80-93 years). Elderly patients had a significantly higher proportion of men compared with the younger group (1.8-fold increase) and demonstrated a higher prevalence of DM compared with the younger group (5.7% vs 1.6%, P < .001). The elderly group had fewer active smokers compared with the younger group (3.4% vs 8.5%, P < .001, Table 1 ).
Surgical Characteristics
The percentage of elderly patients undergoing cosmetic surgery recorded in CosmetAssure database increased yearly over the reviewed period of time, from 3.9% to 6.4% between 2008 and 2012. Compared with the younger patient cohort, elderly patients underwent more facial procedures ( Figure 3 ). The most common facial procedures in elderly patients were facelift, blepharoplasty, and browlift. Significantly higher numbers of combined procedures were performed in the elderly compared with younger patients (6.0% vs 4.9%, P < .001).
Younger patients had a higher number of breast and body cosmetic procedures compared with elderly patients, with the exception of brachioplasty and lower bodylift ( Table 2) . Among patients 65 years and older, breast augmentation, mastopexy, and reduction mammaplasty were the most commonly performed breast procedures. The most commonly performed body procedures among elderly patients was liposuction followed by abdominoplasty and brachioplasty. The comprehensive list of all surgical procedures reviewed is demonstrated in Table 2 .
Analysis of Complications
Across all age groups, 2506 patients (1.9%) developed major complications. Among the elderly group, 125 (1.8%) patients developed complications, similar to the incidence among younger patients (1.9%, n = 2381, Figure 4 ). Among patients who underwent single cosmetic procedures, postoperative complications developed in 55 (1.3%) elderly and 1198 (1.4%) younger patients (P = 0.854). Both groups demonstrated a significant increase in the incidence of complications with additional cosmetic procedures. In younger patients, the overall complication rate in combined procedures was 3.0% (n = 1183) compared with 1.3% with single procedures (n = 1198, P < .001). Similarly, the incidence of postoperative complications among elderly patients almost doubled in the combined procedure group (2.8% vs 1.4%, P < .001). However, no statistically significant difference in the complication rate was detected between elderly and younger patients when the 2 groups were compared (Figure 4) .
Analysis of complications within the elderly patient population stratified by age group was performed using chi-square test. Although octogenarian patients demonstrated a higher complication rate (2.2%) compared with other patients, the difference between groups was not statistically significant (65-69 years old, 1.8%; 70-74 years old, 2%; 75-79 years old, 1.8%).
Elderly patients demonstrated similar complication rates when procedures were stratified by body area. The highest incidence of complications among all patient populations was after body procedures (2.9%, n = 1401), followed by breast (1.9%, n = 1372) and face procedures (1.2%, n = 305). Among patients undergoing body procedures, 55 (3.0%) elderly and 1346 (2.9%) younger patients developed postoperative complications without a statistically significant difference between the 2 groups (P = .698). Similarly, no significant difference in the complication rate was detected between elderly and younger patients undergoing breast and face cosmetic procedures ( Figure 5 ). Comparative analysis of complications for individual cosmetic procedures performed demonstrated that only abdominoplasty in elderly patients was associated with a significantly higher complication rate than in younger patients (5.4% vs 3.9%, P = .032, Table 3 ). Types of complications encountered in the database are shown in Table 4 . Hematoma and wound infection were the most common complications in both groups. Notably, younger patients had a higher incidence of confirmed or suspected deep venous thrombosis (DVT) compared with the elderly group (0.3% vs 0.1%, P = .041). 
Subgroup Analysis of Octogenarians
Subgroup analysis of octogenarian patients demonstrated similar trends in distribution of clinical and demographic factors (Table 5 ). Median age in the octogenarian group was 82 years (range, 80-93 years). There was a significantly higher proportion of men in the octogenarian group who underwent cosmetic procedures compared with the younger group (20% vs 6.46%, P = .001). Similar to elderly patients, octogenarians demonstrated a higher prevalence of DM and had fewer smokers compared with the younger group. The majority of procedures among octogenarians were performed on the face, followed by body and breast. In contrast to elderly patients, octogenarians underwent fewer numbers of combined procedures. Octogenarians did not demonstrate statistically significant differences in the overall major complication rates compared with younger patients (2.2% vs 1.9%, P = .798). Similarly, differences in complication rates between octogenarians and younger patients did not reach statistical significance when separate analysis was performed among patients undergoing single or combined procedures (Figure 6 ). No postoperative complications were detected in the 46 octogenarians who underwent multiple procedures as compared to 3% in the younger patient group (P = .132).
DISCUSSION
The elderly population of North America, along with their life expectancy, continues to increase. The number of individuals aged 65 and older is expected to exceed 85 million people by the year 2050. 7 Currently, elderly patients account for 40% of all surgical operations and 26% of all cosmetic procedures in the US. 2, 8 Advances in modern medicine have allowed for improvement in general health among people of advanced age. Increased overall lifespan leads to a greater involvement of elderly people in social activities and an increased demand for improved aesthetic appearance. According to the ASAPS statistics report, the total number of elderly patients undergoing cosmetic surgery has steadily increased over the last decade. 2 Despite the number of studies documenting the safety of breast reconstruction, microsurgery procedures, and craniofacial surgery in elderly patients, surgical outcomes for aesthetic procedures have not been evaluated on a large-scale, multi-institutional level. [9] [10] [11] [12] The few existing studies evaluating the safety of cosmetic surgery in elderly patients are limited by small sample size, single institution experience, significant variations in the age of studied patient populations, and most of surgeries being facial cosmetic procedures. 4, 5 The current study, to the best of our knowledge, is the first attempt to evaluate major surgical complications in elderly patients undergoing a wide spectrum of cosmetic surgical procedures with high statistical power and multi-institutional data. In order to be consistent with international nomenclature, we utilized the WHO definition of an elderly person as an individual of 65 years and older. 6 There are multiple instances in the surgical literature of applying the terms "elderly" or "older" for patients in their 70s and 80s. These groups are more precisely termed septuagenarian and octogenarians, respectively, and, as a result, this nomenclature was used in this study to assess the octogenarian subgroup of people defined by the WHO as elderly.
The primary finding of our study is that the incidence of major postoperative complications after cosmetic surgical procedures in elderly patients is not higher compared to younger patients. These patient groups demonstrated similar complication rates after single or multiple procedures and among different age groups. This trend was equally observed among octogenarian patients. Despite these encouraging outcomes, several critical points about the interpretation of our findings require further discussion. First, the structure of the database allows for evaluation of the incidence of major complications, specifically those complications requiring repeat surgical intervention (such as evacuation of hematoma or debridement of an infected wound in the operating room) or those complications resulting in return to an emergency room or readmission to a hospital. Minor complications managed in the outpatient setting, such as wound healing problems and minor wound infections treated as an outpatient on oral antibiotics, were not registered in the database and therefore were not included in this study. The incidence of minor postoperative complications after cosmetic procedures is almost universally higher compared with major complications and significantly varies depending on type of cosmetic procedure, surgical technique, nonstandard documentation, and a host of patient factors. 5,9 Therefore, the incidence and distribution of minor complications after cosmetic procedures in elderly patients warrants further evaluation. Nevertheless, major postoperative complications result in the greatest impact upon patient health and safety. Therefore, assessment of the safety of any surgery, especially aesthetic procedures, needs initially to be based on the incidence of these major negative outcomes. We clearly demonstrates that cosmetic procedures in elderly and young patients can be performed with equal safety.
The CosmetAssure database also lacks comprehensive information about patients' comorbidities and currently is limited to capturing only a few key conditions. As comorbidities significantly increase with age, incorporation of additional grading systems for comorbid conditions [such as America Society of Anesthesiologists (ASA) physical status system] will allow for more accurate analysis of complications for elderly patients. One can speculate that the majority of elderly patients in the current study presented with low to moderate ASA class. The similar incidence of major complications between elderly and young patients in our study may suggest that most elderly patients underwent thorough selection of appropriate preoperative candidates by the surgeons in order to avoid operating on high-risk patients.
The number of facial procedures being performed in the elderly population has continuously increased over the last decade and is expected to grow further. According to the 2013 ASAPS annual statistics report, facelift, forehead lift, and rhinoplasty were among the top 5 procedures performed in patients 55 years and older. 2 In the current study, elderly patients were more likely to have facial surgery, whereas younger patients had more breast and body procedures performed. The incidence of major complications after facial aesthetic surgery in elderly patients in our study was similar to the younger cohort. Quantifying the complications and risk factors of facial surgery in the elderly population is important with the rising number of facial procedures performed in this population of patients.
Additionally, elderly patients demonstrated similar rates of major complications after body and breast cosmetic procedures compared to the younger patient group despite the more invasive nature of these procedures. This may be a result of selection bias of the plastic surgeon selecting healthier elderly patients. Despite this potential bias, abdominoplasty in the current study was strongly associated with a higher complication rate in elderly patients. Although this study was not designed to explain observed association, 1 can speculate that major surgical procedures are not tolerated as well by elderly patients as a result of decreased physiological reserve and underlying comorbidities. Notably, the incidence of DVT in the elderly group was lower compared with younger patients, which may also be attributed to a more strict patient selection process. One of the most important findings of this study was the increased number of complications occurring in both younger and elderly patients undergoing combined cosmetic procedures. Therefore, careful discussion of increased risks of postoperative complications when combining multiple cosmetic surgery procedures needs to be discussed with elderly patients during surgical planning.
Comorbid factors reviewed in this study were not associated with increased complications in elderly patients. Lack of association in solitary procedures can be explained by the nature of the complication reviewed, as only major postoperative complications were analyzed (such as bleeding, readmission to the hospital, or emergency room visit). Smoking, DM, and increased BMI traditionally are associated with increased incidence of minor postoperative complications such as local wound infection and delayed wound healing. Evaluation of the role of these and other risk factors in the incidence of minor postoperative complications after cosmetic procedures in elderly patients needs to be further assessed.
Another notable observation is the increased proportion of men undergoing cosmetic procedures in the elderly group. The number of males was even higher in the octogenarian group, where they represented 20% of these patients. This trend in males was equally demonstrated in the 2013 ASAPS statistics report. 2, 3 Since some cosmetic procedures in men traditionally carry increased risk for postoperative complications (such as hematoma after facelift), male surgical candidates for cosmetic surgery require thorough selection and detailed preoperative education. The spectrum and incidence of complications in men after cosmetic surgery warrants a separate, large-scale, evaluation.
Clinical outcomes for patients over age 80 represent a rapidly expanding topic of discussion in the surgical literature. 13, 14 In cosmetic surgery, safety of these procedures for octogenarians is even more important to determine because almost all cosmetic procedures are performed on an elective basis. Several authors have evaluated clinical outcomes of selected facial procedures in patients of advanced age and have found no significant increase in complications. 4, 5 To the best of our knowledge, this study is the first attempt to evaluate safety outcomes of cosmetic surgery in the octogenarian population. We found that the risk of complications in the elderly group of patients is similar to younger patients. We found no difference in complications between the 2 groups of patients undergoing single procedures with the exception of abdominoplasty. Additionally, no octogenarian patients developed complications after multiple procedures. Finally, we demonstrated the trend toward an increasing proportion of elderly patients who undergo cosmetic procedures each year. This trend reflects data from the ASAPS annual statistic reports. Based on the ASAPS analysis, the number of patients of older age increased several times over the last decade. In an improving economic environment, increasing safety of cosmetic procedures, and persistent aging of the US population, plastic surgeons will continue to see more elderly patients requesting cosmetic surgery. Therefore, clinical expertise of board-certified or board-eligible plastic surgeons is paramount in the assessment of each patient for the safety of the planned procedure.
While the CosmetAssure database has many advantages, a few of its limitations need to be addressed. The database fails to include minor, but clinically significant, complications (seroma, nerve injury, wound breakdown, etc.). These complications are significantly more common than major complications and important in cosmetic outcomes and patient-perceived results. The database does not register complications occurring after 30 days of the operation. This results in unknown final outcomes after the management of these complications. The database does not differentiate between different techniques of cosmetic procedures, which can predispose patients to certain complications. No information is available on measures such as VTE prophylaxis or preoperative antibiotics, and thus their impact cannot be analyzed. The database lacks comprehensive information about patients' comorbidities. However, assessment of available health conditions (DM, obesity, and smoking) suggest that the patient population seeking cosmetic surgery is significantly healthier compared with the general US population, with low burden of comorbid conditions. Information regarding type and time of anesthetic, which could better define clinical outcomes, is not available. Finally, CosmetAssure is used by only a fraction of eligible plastic surgeons in the US.
Despite the limitations of the CosmetAssure database, this registry remains a useful tool for assessment of clinical outcomes of cosmetic surgery. As a multicenter database that collects data on a massive population of patients across different regions of the US in a prospective manner, CosmetAssure can provide well-balanced outcomes data that account for existing differences in surgical techniques among plastic surgeons across the country.
The current database is robust in establishing a baseline complication rate for elderly patients after cosmetic surgery. CosmetAssure is a novel database that has not been intensively extracted previously, however it has several strengths over other pre-existing databases. Previous studies, while few, have shown cross-validation with similar databases including Tracking Operations and Outcomes for Plastic Surgeons (TOPS). 15 The CosmetAssure database represents a significant addition to other current systems of tracking surgical outcomes in plastic surgery, such as TOPS initiative and the National Surgical Quality Improvement Program (NSQIP).
CONCLUSIONS
Cosmetic procedures in the elderly, including octogenarian patients, remain safe with a low major complication rate that is comparable to that of younger patients. Comparative analysis of clinical outcomes of cosmetic surgery in elderly patients among CosmetAssure databases and other existing registries of plastic surgery outcomes may provide more comprehensive analysis of complications and risk factors in elderly patients and octogenarians.
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